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Abstract: Both socio-cultural connotations and environmental adaptation are significant for the
sustainable development of vernacular dwellings. Previous studies on the sustainable development of
vernacular dwellings have mainly focused on either the interaction between physical form and socio-
cultural logic or between physical form and environmental adaptation separately. Simultaneously,
these studies have mainly discussed the physical condition of vernacular dwellings while ignoring the
evolution of the space characteristics of vernacular dwellings. To further understand the sustainable
development of vernacular dwelling spaces, this research adopted a “multiple evidence base” method
to bring together the socio-cultural connotations of vernacular dwelling spaces and their adaptation
to the natural environment. Space syntax theory and Ecotect software were deployed to analyze the
socio-cultural logic and to simulate the light environment for environmental adaptation analysis.
The Bai people’s courtyard houses in Gusheng village, Dali, Yunnan province were selected to
conduct the fieldwork. The results reveal that ongoing social structures are prominent features for
the socio-cultural connotations of the Bai people’s vernacular dwellings; the upper floor indoor
lighting level has increased while the courtyard scale and the orientation of the dwellings remain
unchanged in contemporary Bai people’s dwellings; there is a high synergistic relationship between
the traditional living form and socio-culture as well as the natural environment in the traditional
vernacular dwellings; the contemporary Bai people’s dwellings continue the living form and socio-
culture while moderately adjusting the natural factors based on the modern way of life for sustainable
development. This study hence extends the existing knowledge found in the literature and provides
a more complete understanding of the sustainable approach to vernacular dwelling spaces.

Keywords: vernacular dwelling; spatial configuration; environmental adaptation; sustainability

1. Introduction

Vernacular dwellings could be regarded as a material expression of the human living
form [1]. The spatial structure of a dwelling can record habitants’ behavior patterns and
the unique cultural genes that other dwellings share the same geographical and cultural
context, especially in the case of vernacular architecture [2]. Therefore, analyzing the spatial
configuration of a dwelling allows conclusions to be drawn about the living form of the
inhabitants [3].

With the challenges of rapid modernization and urbanization in the new era, this
is a crucial time where even the most remote locations are influenced by international
notions of modern living, while old living forms are on their way to alienation or even
extinction [4,5]. Specifically, vernacular dwellings and traditional ways of life all around
the globe are rapidly adopting modern lifestyles and the variety of domestic spacetypes has
significantly reduced [2]. The era of standardization and mass housing production, which
is believed to be responsible for placelessness, began with the modernist movement [6].
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How to balance the material production and regional cultural characteristics under con-
temporary free capital competition, how to continue the daily living form of residents, and
how to construct the local identity of places have become thorny issues [7]. Sustainable
Development Goal (SDG) 11 focused on sustainable cities and communities, (target 11.4)
and the strengthening of efforts to protect and safeguard the world’s cultural and natural
heritage [8]. Vernacular dwellings, as an important part of cultural heritage [9], conserving
the tangible and intangible value they contain and constructing the local identity of places,
are an important part of achieving the Sustainable Development Goals. In response to the
dilemma between traditional and modern living forms [10], the sustainable development
of vernacular dwellings is topical today and has been taken into consideration by various
researchers [9].

The United Nations has identified three pillars of sustainability: economy, society,
and environment [11]. Hawkes (2001) introduced culture as a fourth pillar of sustainabil-
ity, [12], while Murphy (2012) argued that culture has often been considered part of social
sustainability and sociocultural sustainability, covering cultural aspects such as partici-
pation, equity, and awareness of sustainability [13] and the behavior and conservation of
socio-cultural patterns [14]. For the sustainable development of vernacular dwellings, both
socio-cultural connotations and environmental adaptation are significant [5,15-17]. Amos
Rapoport (1969) indicated that socio-cultural forces are primary forces for house forms,
while climatic conditions are one of the other secondary forces. Bernard Rudolfsky (1964)
summarized the characteristics of residential houses as endemic, anonymous, naturally
formed, native, and rural. In recent years, climate change has accelerated, and environmen-
tal adaptation has become a factor that has to be considered in the sustainable development
of vernacular dwellings. However, previous studies on the sustainable development of
vernacular dwellings have mainly focused on either the interaction between physical forms
and socio-cultural logic or between physical forms and environmental adaptation sepa-
rately. Furthermore, these studies have mainly discussed the physical form of vernacular
dwellings while ignoring the evolution of the space characteristics of vernacular dwellings.

In terms of physical form continuity, previous research has mainly revealed the interac-
tions between socio-cultural connotations and the physical forms of vernacular dwellings.
Some existing studies have discussed the socio-cultural causes and influences on the evo-
lution of the physical forms of vernacular dwellings. Ng (2005) argued that the forms of
vernacular dwellings have evolved due to human’s constant pursuit of a better quality of
life [18]; Gokce (2018) demonstrated that residents’ sense of place is negatively affected by
typomorphological changes over time in relation to vernacular dwellings [1]. Simultane-
ously, studies conducted in recent years have revealed that socio-cultural characteristics
are reflected in vernacular dwellings in specific regions. Mykola et al., (2020) concluded
that the characteristics of Chinese traditional vernacular dwellings such as an original
structural scheme and a specific volumetric and expressive silhouette were caused by
the principles of Feng Shui and the canons of Taoism, Confucianism, and Buddhism [19].
Maknun et al. (2020) argued that the shape and structure of traditional houses in the
Makassar culture were influenced by socio-cultural factors such as cosmology, beliefs,
and social stratification [20]. Nevertheless, the existing studies have mainly revealed the
socio-cultural connotations of vernacular dwellings from the characteristics of the physical
forms of vernacular dwellings, while they have rarely discussed the evolutionary process
of the space structure of vernacular dwellings and the residents’ living form recorded in it.

From the perspective of environmental adaptation, existing studies have analyzed the
problems related to energy efficiency and a building’s envelope [21,22], building materi-
als [23,24], and the creation of strategies related to building upgrades [9,25,26]. Specifically,
Federica et al., (2021) verified an envelope solution that was able to reduce the yearly
energy consumption by up to 36% for heating in energy retrofit interventions on an existing
building [22]. Tupenaite et al. (2018) proposed a multiple-criteria method to quantitatively
evaluate the upgrading approach of vernacular dwellings [27], and Philokyprou et al. (2021)
qualitatively analyzed the sustainability design principle of vernacular dwellings [9]. Nev-
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ertheless, modernization and the environmental adaptation upgrading of old vernacular
dwellings may hardly be compatible with preserving the traditional appearance of ver-
nacular buildings [28]. Furthermore, these studies have mainly focused on analyzing the
environmental adaptation of the physical form of vernacular dwellings which may not
have bridged the gap between materialized form analysis and the sustainable development
of living forms realized in space.

Therefore, to obtain a more complete understanding of the sustainable development of
vernacular dwelling spaces, this research adopted a “multiple evidence base” method [29]
to bring together knowledge systems of the socio-cultural connotations and environmental
adaptation of vernaculars dwellings. Related technologies were deployed to analyze the
socio-cultural logic and to simulate the light environment for an environmental adaptation
analysis. Moreover, as the Bai People are one of the 15 unique ethnic groups of Yunnan
Province and have made up the majority of the population in the Dali since the early 10th
to the mid-13th century after a long period of evolution and development, the Bai people
have established unique and rich characteristics that are embodied within their courtyard
dwellings, customs, and culture [30]; thus, the Bai people’s courtyard houses were selected
to conduct the case study.

The study asks three questions:

(1) What is the relationship between space evolution and socio-cultural continuity in the
Bai people’s courtyard houses?

(2) What is the relationship between space evolution and adaptation to the natural
environment in the Bai people’s courtyard houses?

(3) By combining socio-cultural influences and environmental adaptation together, what
new findings could be found to complement a sustainable approach to vernacu-
lar dwellings?

This paper is organized as follows: Section 2 gives a brief overview of the concept of
vernacular dwellings, the relationship between space and socio-culture, and the relationship
between space and the natural environment; Section 3 illustrates the research materials—
the Bai People’s housing in this study, and the research methodology, such as the multiple
evidence base method, space syntax, and Ecotect simulation; Section 4 presents the research
results related to the socio-cultural logic of space, the space environmental adaptation
simulation of vernacular dwellings, and their relations; Section 5 introduces further analyses
and discusses the results; and Section 6 draws several main conclusions.

2. Literature Review
2.1. Vernacular Architecture

Vernacular dwellings have been the subject of much theoretical discussion and research
from the 1960s onwards. The most influential early works in the field include Rudofsky’s
(1987) publication Architecture without Architects, which features a wide range of non-
architect-designed buildings from around the world and which made the term vernacular
popular in an architectural context. “For want of a generic label, we shall call it vernacular,
anonymous, spontaneous, indigenous, rural, as the case may be” [31] (p. 58).

The term had already been used by archeologists in the 19th century [32]. In Shelter
and Society (1969), Oliver contended that the form, decoration, or the activities of daily
life in vernacular architecture could convey a variety of meanings [33]. Simultaneously,
Rapoport (1969) broadened the view on vernacular architecture by including social rituals
and cultural practices as elements that facilitate the production and evolution of these build-
ings [34]. Both Oliver and Rapoport attempted to determine the fundamental principles
that distinguish vernacular architecture [35].

Regarding the contemporary state of research, research on vernacular dwellings has
stressed the importance of a holistic, integrated approach [36]. The Dublin Heritage Group
(1993) states that “a vernacular building and a vernacular language share many charac-
teristics. Both belong to a recognizable tradition that has evolved over many generations, and
both have features that are particular to the locality in which they are found” [37] (p. 4) and
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“related to their environmental contexts and available resources.” Asquith (2006) points out
a scarcity of methodological studies among research on housing. When the analysis is con-
ducted using tools or methods, it tends to be nested in a particular discipline, showing a lack
of integrated approaches. She identifies four levels of housing research—anthropological,
sociological, behavioral, and architectural—the latter of which should be examined in unity
with the others to increase its relevance [38]. Multidisciplinary approaches can help inter-
pret the complexity of human settlement construction in a comprehensive and objective
way [39].

Therefore, understanding vernacular dwellings in their entirety, including the physical
form, social meaning, and natural environment has long challenged architectural and
social scientists alike, first and foremost because interdisciplinary approaches were all
too rarely conducted. In recent years, accounted for by an increasing number of pub-
lications, authors such as Vellinga (2013) [36] and Zwerger (2019) have written lengthy
discussions to grasp the development and trends related to vernacular architecture [35].
Henna et al. (2022) reviewed transitions in dwellings in rural settlements and concluded its
drivers and consequences can be categorized into political, ecological, economical, societal,
and technical [40].

These studies have begun to realize the importance of integrated approaches within
research on vernacular dwellings; however, the existing studies have mostly focused on the
multi-dimensional conceptual interpretation of vernacular dwellings based on a literature
review at the macro level, while they lack the multi-dimensional quantitative analysis of
the characteristics of the space, culture, and natural environment of vernacular dwellings
at the micro level.

2.2. Sustainable Renovation of Vernacular Dwellings

As an important part of cultural heritage [11], conserving vernacular dwellings is an
important part of achieving the Sustainable Development Goals 11.4. According to the
ICOMOS Charter of vernacular architecture [41], the significance of vernacular dwellings
lies not only on their tangible values but also on their intangible values and traditions that
are attached to their traditional environment. The conservation of cultural heritage and the
renovation of other historical buildings requires a whole and interdisciplinary approach
with a single goal—sustainable renovation [42].

For sustainable building renovation, the current research has largely focused on the de-
velopment of new tools for design support, the decision-making processes of stakeholders,
and the measurement of environmental performance. For instance, Semprini et al. (2017)
adopted a simplified calculation method to analyze the energy consumption of Bologna res-
idences, and then compared the performance of deep regeneration and shallow renovation
in achieving nearly Zero Energy in existing buildings [43]. Through a questionnaire survey,
Jowkar et al. (2022) explored the potential barriers and motivations for sustainable building
retrofits from the house-owner’s perspective and found that economic factors were their
top concern [44]. Out of the three pillars of sustainability, most of the existing studies have
focused on economic and environmental sustainability, while socio-cultural sustainability
is the least defined [45].

For vernacular dwellings, the goals of conservation, restoration, and renovation are
different from those of modern architecture. In addition, other requirements have to be
adhered to, such as the preservation of authenticity to ensure historical, artistic, cultural,
and social values [9]. However, according to the bibliometric analysis conducted by Loli
(2018), most of the existing studies are about the use of interventions to improve energy
performance and the related environmental impacts, but few studies have also considered
socio-cultural conservation in the sustainable renovation of vernacular dwellings [46].

2.3. Space and Socio-Culture

Hason (1999) regarded the house as the perfect object for exploring architecture’s
formal and experiential dimensions. She saw proof of the intellectual content this archetype
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provides in the attraction of 20th-century architects towards it and concluded that the house
might be the most complex type of building [2]. Rapoport (1969) illustrated the forces that
bring about the distinguishable characteristics of human dwellings, such as socio-cultural
forces, the climate, or the economy. The configurations of houses convey culture as it is
built into the layout. The spatial structure of a dwelling can be considered materialized
records of cultural patterns. “Built environments are created to (and, normatively, should
be created) to support desired behavior” [16] (p. 11). If architecture is thus closely related
to behavior, architecture will tend to be shaped by activities. This is especially valid in
vernacular dwellings where the spatial configuration of multiple generations has been
influenced by similar behavioral patterns. Hence, it is essential to closely examine what
Hanson (1999) called the “archaeology of space” [2] (p. 32) when dealing with vernacular
architecture. Dwellings can therefore not only be regarded as the material but also the
“symbolic framework for the everyday actions that created history” [47] (p. viii), whose
layout both expresses and structures social and cultural relations, even as they change.

As the culture develops, so do its dwellings and the relation between the two. Seo
(2003) found certain culture-specific aspects in the house form to outlast the development
from what would be considered a vernacular to a modern dwelling. For a few decades,
intricate calculations have allowed researchers to acquire a multitude of data from floor-
plans inaccessible to the eye [48]. For research on buildings stemming from past cultures,
specialized software able to extract sociocultural information existing in the geometric
structure of spatial layouts can prove indispensable [3]. Nevertheless, the challenge re-
mains to make sense of this data and interpret it [49]. While these studies are able to reveal
relationships between space and culture by using numbers, they evoke unambiguity where
often there is none. Critics have asserted that configurational studies entail simplifications
and generalizations and require broad contextual knowledge to yield fruitful results [50].
For instance, to examine the impact on the level of visual privacy in Iranian dwellings,
Ravari et al. (2022) conducted a joint analysis of the spatial arrangement on the level of
permeability and wayfinding in part to justify the residential layout [51]. The discussion of
the critiques brought about a more detailed emphasis on the goal regarding the process of
a space structure analysis: Quantitative aspects of the spatial structure of a dwelling need
to be organized and linked to a functional analysis in a way that allows precise conclusions
to be drawn about socio-cultural information. The differences and similarities revealed
in the comparison of the dwellings are situated within several concepts regarded as the
mechanisms shaping the spaces and their functional differentiation.

2.4. Space and Adaptation to the Natural Environment

Introducing environmental adaptation into architecture explores regional research
from a multidisciplinary perspective. The concept of “adaptation” originated from biology,
and the definition of “adaptation” of organisms appeared successively in Darwin’s Principle
of Natural Selection [52], and Darwin’s fitness [53] by Theodosius Dobzhansky. Since the
middle of the 20th century, the field of architecture began to pay attention to the adaptive
relationship between architecture and the ecological environment. For instance, in the 1960s,
Solerui combined ecology and architecture into “Arcology” [54]. Moreover, the publication
of Michael Hager’s Design with Nature [55]. In the study of rural settlements, environmental
adaptation strongly influences the regional characteristics of architecture. The natural
environment, including climate, topography, and landform, is an external condition of
stability and continuity and has regional characteristics due to different geographical
locations. Bernard Rudofsdy [31], Hara Hiroshi [56], and other architectural scholars have
studied local settlements and buildings worldwide from the perspectives of the natural
environment and technical conditions.

In recent years, research on the environmental adaptation of vernacular dwellings has
mainly focused on environmentally friendly buildings and upgrading the adaptability of
old buildings. Pajchrowski (2014) explored the key element in the life cycle of buildings
from the environmental point of view [24]. Siozinyte (2014) deployed the multiple criteria
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approach to find the best compromise solution for an effective upgrade of vernacular
architecture [57]. Azad et al. (2022) assessed the thermal comfort in vernacular dwellings
in Iran and elicited the proper suggestions to provide comfort conditions [58]. Zhang et al.
(2022) summarized climate adaptability based on the indoor physical environment of
traditional dwellings in the north Dong areas in China [59]. These studies mainly focused
on analyzing the environmental adaptation of the physical form of vernacular dwellings,
which ignore the sustainable development of living forms realized in space.

3. Materials and Methods
3.1. The Bai People’s Housing

The Bai People (BaiZu) in China’s southeastern province Yunnan have a unique
housing culture, developed over centuries from within an ethnic group which made up
the majority of the population in the Dali Kingdom from the early 10th to the mid-13th
century [30]. The buildings that can be seen today in the old towns and villages in the Dali
Bai Autonomous Prefecture showcase a particular style and culture that have inherited
features from other cultural influences such as Han Chinese architecture [60]. The houses
selected are samples of typical traditional courtyard houses around the Erhai lake as well
as the Cangshan mountain in the area around Dali City. Although this only represents an
extraction of various types of development in different regions in the Bai area, it is the most
common and prominent example of the important influence the Bai housing culture [61]
has had on today’s rural architecture and was therefore chosen for this analysis.

In the 1980s, vernacular building traditions in Dali were primarily replaced by modern
construction methods and layouts. Rammed earth, wooden pillars, and roof tiles gave way
to concrete, manufactured bricks, and flat roofs. Simultaneously, the spatial layout changed
in a way that meant the second floor gained importance, concentrating living functions in
a single fang. Nevertheless, in the field study, we found that a large amount of modern
residential houses remained in the courtyard form, and the Bai people prefer the traditional
courtyard style.

Therefore, to systematically analyze the spatial evolution of the Bai people’s courtyard
houses, to explore the inheritance of its hidden socio-cultural connotations and adaptation
to the natural environment, and to further conclude the sustainable mode of vernacular
dwellings, six typical houses of the Bai nationality located in Gusheng Village, Dali City
(Figure 1) were selected for a comparative study. The data necessary for the comparative
study were acquired from field research and a literature review. The data were collected
from a field study in the Dali Autonomous Prefecture in Yunnan. Together with the team
from the Institute of Urban Spatial Culture and Science, several dozen traditional and
contemporary dwellings in the Gusheng village were inspected, and measurements and
pictures were taken. Additionally, Chinese key literature, including architectural and
anthropological viewpoints on the Bai people’s architecture and culture, were studied and
matched with the insights from the field study.

Three of those houses were of a traditional type while the others were of a modern
type. The selected traditional type objects had the following characteristics: First, they
represented one of the most common types of the Bai people’s traditional houses at the
time of their construction. Second, the layouts have undergone variations within the
framework of their typology. Third, the previously mentioned definition of vernacular
applies (Section 2.1). In the selection of the modern type, the focus was on dwellings
with the following features: first, dwellings remained in courtyard layouts; second, small
sheds still existed in the courtyard and were used for storage, some of which used to serve
as pens for livestock; third, the kitchen was still separated from the main Fang, while
bathrooms can often be found inside. This type of dwelling very much defined the village
scape of Gusheng village at the time of the fieldwork due to the large numbers and salient
proportions. The selected cases are displayed in Table 1.

The spaces considered to make a meaningful comparison possible were the attic, the
bedroom, the corridor, the courtyard or yard, the elders” bedroom and living room, the
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kitchen, the zhaobi, and the living room. These spaces include all the spaces in which the
main inhabitants live.

ot g "
"'L-o; N {,\ ‘:/kd:
{ N
& S 2 A
o f ST {
P " sGusheng Village'
| SR J A ;! )
g T R !
Yunnan Province 4

Figure 1. The location of Gusheng Village and the selected cases.

3.2. Methods
3.2.1. Multiple Evidence Base Method

The multiple evidence base (MEB) method emphasizes the complementary insights
from different knowledge systems to create an enriched picture of a case study or the
broader issue of an investigation [29]. Tengo (2014) proposed that a multiple evidence
base method included three phases, as shown in Figure 2: (1) defining problems and goals
in a collaborative manner that recognizes the cross-scale interactions of drivers and local
responses [62]; (2) using parallel systems of questions and domains to obtain an enriched
picture of the research problem, which includes acknowledging and recognizing the spatial
and temporal context of knowledge; (3) joint analysis of knowledge and insights to catalyze
processes for generating new knowledge.
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Table 1. Vernacular floor plans: traditional (C1-3) and modern (C4-6).

Traditional Type C1 C2 C3

Upper floor

Main floor

Scenario of traditional
vernacular dwellings

Modern Type C4 C5 C6

Upper floor

- Sr |Sr .| K ] I Sr
Ba

[ K Sr ’ L

— u

Ground floor

E-BB
— . w
= |( CY
EB

=

g

Scenario of modern dwellings

A (Attic), An (Animals), B (Bedroom), Ba (Bathoom), C (Corridor), CY (Courtyard), E- (Elders-), Gr (Guestroom),

A
K (Kitchen), L (Living Room), S (Study), Sr (Storeroom), Z (Zhaobi); Direction: A

Potential complementarity of knowledge can be generated from the spatial and tem-
poral scales under the MEB method framework [29,63,64]. Therefore, to explore the sus-
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tainable mode of vernacular dwelling spaces in our research, the analysis framework was
developed from the spatial and temporal dimensions.

( Phase3: \

Phasel : hase2: ([~ J_oir; a;al_si:a;d_

Co-production of problem Enriched picture consisted | : Y8

definition of diverse knowledge — ( evaluation
system

Pa——

Generating of new
knowledge

S

Figure 2. Three basic stages for MEB.

The first step involved putting forward the problems discussed in this research, which
can be seen in Section 1. The second step involved discussing the research problems from
the spatial and temporal dimensions: (1) From the spatial dimension, analyzing the spatial
structure of the Bai people’s dwellings using space syntax, then through the comparative
study of traditional and modern dwellings, exploring the evolution of the spatial structure
of Bai people’s dwellings, and then further analyzing the social-culture logic contained
therein. (2) From the temporal dimension, at the micro-scale, on the one hand, the Ecotect
software was used to analyze the daylight, shadows, and daylighting of the Bai people’s
dwellings for one day and the whole year. On the other hand, at the macro scale, a
comparative study was conducted between the traditional Bai dwellings built 50-200 years
ago and the modern traditional dwellings built in the recent 10-25 years, to discuss relations
between the Bai people’s vernacular dwellings” adaptation to the natural environment,
space evolution, and the inhabitants’ living form. In the third step, the social-culture logic
and the adaptation to the natural environment of the Bai people’s vernacular dwelling
spaces obtained in the second step were connected and coupled, and then new findings
about the sustainable approach of the vernacular dwellings’ space were obtained. The
research framework is shown in Figure 3.

Step Method

-
Step 1: Defining research problem—Sustainable
approach of vernacular dwellings” space
N

-~
Step 2: Spatial-
temporal
dimensions
discussion on Temporal dimension: Building light
research environment simulation in different
periods & Bai people’s dwellings’
natural environment adaptation analysis

Litcraturc Review

Spatial dimension: spatial structure and
the social-culture logic analysis —
of Bai people’s dwellings

Space Syntax;
Comparative Study

Ecotect Simulation;
Comparative Study

problem

e 2

-
Step 3: Joint analysis of the social-culture logic and the natural environment adaption of}

the Bai people’s vernacular dwelling’s space

Step 4: Conclusion on sustainable appraoch of vernacular dwellings’ space }
.

Figure 3. Flow of the overall research framework.

3.2.2. Space and Socio-Cultural Logic Continuity: Space Syntax Analysis

Space syntax, proposed by Bill Hiller and Julienne Hanson, is a theory and method
to study the relationship between spatial configurations and human society through the
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quantitative description of human settlement structures, including buildings, settlements,
cities, and even landscapes. It has two connotations: (1) space is a virtual body surrounded
by buildings and walls, which is a place for people’s activities and daily communication,
with self-consistency; (2) the complex relationship between different spaces, which embod-
ies the social logic and solidifies into the built environment, can be intuitively recognized
by people but is difficult to express. Thus, space syntax is used to study the complex
relationships between different spaces at different scales and the interrelationships between
people’s activity patterns [65].

Therefore, this study used space syntax to interpret the spatial and socio-cultural logic
of Bai people’s dwellings. Its basic analysis modes are divided into an analysis of justified
permeability graphs, which is also known as convex space analysis, visibility graph analysis,
and axial line analysis [66]. As axial line analysis is more suitable for analyzing public
space, we adopted the other two analysis systems and deployed depthmapX software (an
open-source and multi-platform spatial analysis software originally developed by Alasdair
Turner from the Space Syntax group in UCL, London as Depthmap, now open-source and
available as depthmapX.) to conduct the analysis.

Justified Permeability Graph (abbreviated as J-Graph) shows the spatial configuration
abstracted to nodes and edges [67]. The term “justified” here refers to the arrangement of
a graph by defining a point as a root and gradually allocating additional space based on
relative depth. Depth can be understood as a necessary step from one space to another.
This can be applied to different rooms, but also to convex spaces, which means that any
point in the space can be seen from any other place in the space. The graph is the starting
point of calculating the integration value and defining the space types.

Hillier defined four space types in a spatial structure [68], namely a-, b-, c- and d-
spaces with each having particular properties. ‘a” spaces are terminal spaces commonly
occupied by either people or things in a static manner which usually are rooms. ‘b’ spaces
are thoroughfares with more links which are located on a path to a dead end or more.
Spaces with more than one link and part of a ring are ‘c’ spaces. They enable choice in that
they provide an alternative way back. ‘d” spaces are situated on the intersection of at least
two rings and are usually transitions.

Visibility graph analysis explores the spatial configuration by describing the mutual
visibility relationship between positions in the space. The position with a high degree of
integration of the viewshed is more likely to see the overall space. Therefore, this analysis
model could describe the patterns of the motional behavior of people in the vernacular
dwellings [69]. The visibility graph analysis is comprised with the visual layer and the
feasible layer. The feasible layer allows the range that the residents of vernacular dwellings
can walk to be analyzed. The visible layer is based on the 160 cm sight height of people and
it analyzes the visible range of the residents in the vernacular dwelling. The connection
between spaces in the feasible layer analysis is mainly through doors and corridors, and the
analysis results are similar to ]-Graph, while the visual layer analysis not only considers the
connection between doors and corridors, but also considers the sight relationship through
windows. The current research focuses on the viewshed analysis of the visual layer. The
results of the visibility graph analysis are expressed in terms of warm and cold hues, with
red representing higher values and blue representing lower values.

Integration is the commonly used indicator in space syntax analysis. The integration
value represents the depth of a space compared to all others in the system. The integration
value is calculated according to Hanson and Hillier’s (1984) RRA value [66]. While Hanson
and Hillier originally used the term “integration value” referring to RA and RRA, which
confusingly resulted in low integration values for highly integrated spaces, current space
syntax studies usually reverse the RRA value to deduce an integration value [70]. This
study proceeds in an equal manner; hence, a low integration value refers to a segregated
space. The mathematics for the calculation of the integration value of a single space in a
system according to Ostwald (2011) are as follows [67].
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First the total number of nodes in a system are identified (k), as well as the nodes for a
given root at a given depth or level (ny). The total depth (TD) can then be calculated:

TD=(0 X ny) + (1 X ny) + (2 X ny) +--- + (X X ny)

The next step is the calculation of the mean depth (MD) which denotes the average
distance in steps of a root space to all other spaces in the system. The total depth is divided
by the number of rooms without the root:

MD =TD/(k — 1)

This value is normalized in order to make it comparable with systems that have a
different number of spaces. Firstly, the RA value or Relative Asymmetry which limits the
range of possible outcomes to the range of 0-1 is calculated by comparing the depth of
the system from a particular node with the theoretically possible depth or shallowness of
this system.

RA=2MD —-1)/(k —2)

Secondly, Real Relative Asymmetry (RRA) is produced which does not only describe
the depth of a node in comparison to the whole system but also places it in the context of
a suitably scales benchmark configuration. A D value is used, against which results may
be relativized. It is the RA value of a scalable spatial configuration for which Hillier and
Hanson [65] (p. 112) provide a table in relation to k spaces.

RRA = RA/Dy

In the final step, the reciprocal of the RRA value is taken in order to arrive at an
integration value (i) in which a high number denotes a high integration.

i=1/RRA

The spatial network analysis software ‘depthmapX’ is used to calculate the integration
value according to Hanson and Hillier’s (1984) [66] theory. Depthmap X has the advantage
of being able to calculate several syntactic values, including the integration value, for
spatial configurations of different degrees of complexity in a matter of seconds.

3.2.3. Space and Adaptation to the Natural Environment: Ecotect-Based Light
Environment Simulation

Ecotect software can combine imported 3D models with climate data of the re-
search area to carry out a simulation analysis on the climate environment of vernacular
dwellings [71]. In this study, Ecotect software was used for analyzing the adaptation to
natural environment of Bai people’s vernacular dwellings. Specifically, the lighting and
sunlight were simulated for further analysis.

The simulation adopted the climate data of Dali. For the lighting analysis, the sky
illuminance model was set to a completely cloudy sky since the sun’s altitude angle is the
lowest on the winter solstice. Thus, the simulated time was 12:00 on 21 December. The
fieldwork found that the cleanliness of windows in traditional Bai dwellings was relatively
low, and some were grille windows. Thus, the cleanliness of the windows was set as dirty
(x =0.75), the cleanliness of the windows of contemporary Bai people’s residences was high,
so it was set as average (x = 0.9). This simulation uses the grid method to evenly distribute
points, taken at the height of 0.8 m from the working plane; in terms of sun-light, the
simulations were performed at 10:00, 12:00, 14:00, and 17:00 on 21 March (Vernal Equinox)
and 21 December (Winter Solstice).
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4. Results

As an important part of cultural heritage, the sustainable conservation and sustainable
renovation of vernacular dwellings are essential to achieve the Sustainable Development
Goal 11.4. Vernacular dwellings are the material expression of residents’ living forms,
and space is an important carrier of residents” socio-culture. Therefore, this study focused
on Bai people’s vernacular dwelling spaces and discussed the sustainable approach of
vernacular dwellings from the perspective of socio-cultural sustainability and environ-
mental sustainability. For vernacular dwellings, their socio-cultural logic can be reflected
through spatial configuration, and environmental sustainability can be reflected through
environmental adaptation. Thus, the indicators selected for research on the sustainable
approach of vernacular dwellings are shown in Figure 4.
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Sustainability adaptation analysis Shadow

ventilation
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|
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Figure 4. Indicators selected for research on the sustainable approach of vernacular dwellings.

4.1. Evolution of the Space Configuration and Socio-Cultural Logic of Vernacular Dwellings

This part is developed by way of comparative research. As vernacular dwellings are
known for their clear links between space and culture, the multilayered comparison allows
a holistic view of the dwellings, their social culture, and spatial structure and thereby
comprehensive inferences about underlying mechanisms can be drawn.

(1) Justified Permeability Graphs Analysis

Justified Permeability graphs (J-graphs) can be used to describe the topological rela-
tionship of the space. J-graphs were constructed for each of the examined dwellings, as
seen in Table 2, connecting nodes and edges of the spatial structure to identify the space
types. Here, not the convex breakup, but the actual rooms were used as the nodes, as
the space type was only relevant for rooms with a clearly defined boundary. The outside
is always located at the bottom of the graph as the root node in the displayed graphs.
Secondary rooms without influence on the space type of key spaces are omitted in the
graph to facilitate clarity in the representation. The space type of a space is displayed
depending on its relation to other spaces in the system, with ‘a” spaces being dead ends,
‘b’ spaces being thoroughfares, ‘c’ spaces being located on a ring, and ‘d” spaces being
located on two or more rings in the spatial structure. Space types were identified for key
rooms, denoted by the lowercase letters next to the nodes. Moreover, the numerical values
underlying the topological relationship of the space J-graphs are listed in Table 3.

The J-Graphs for C1-3 show that the corridor and the living rooms are always ‘d’
spaces, the courtyard is either a ‘c’ or ‘d’ space, the bedrooms are ‘c” spaces, the kitchen
and the attic are dead-end ‘a’ spaces. On the contrary for modern types, the corridor and
the elders’ living room in C4-6 are either ‘d’ or ‘¢’ spaces, the elders’ bedroom is ‘c’ space,
the courtyard and the living room are ‘b” spaces, the kitchen, bathroom and bedrooms are
‘a’ spaces.
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Table 2. J-Graphs of Bai People’s Vernacular Dwellings.

Traditional Type
Modern Type
A (Attic), B (Bedroom), Ba (Bathoom), C (Corridor), CY (Courtyard), E- (Elders-), Gr (Guestroom), K (Kitchen),
L (Living Room), Sc (Staircase), Sr (Storeroom), a (spaces being dead ends), b (spaces being thoroughfares),
¢ (spaces being located on a ring), d (spaces being located on two or more rings).
Table 3. Integration Rank Order of Bai People’s Dwellings.
Type House Rank Order Key Functions (Based on Integration Value) Max Min
Elders L 1.2229 > Elders B 1.1340 > Living Room 1.0059 > .
cl Bedrooms 0.9900 = Kitchen 0.9900 Courtyard 2.1507  Attic 0.5197
e Elders L 1.3275 > Elders B 1.2943 > Living Room 1.2627 > . .
Traditional C2 Bedrooms 1.2327 > Kitchen 1.1766 Corridor 2.7248 Attic 0.6553
Elders L 1.0942 > Elders B 1.0225 > Living Room 0.8663 > . .
3 Bedrooms 0.8544 > Kitchen 0.7606 Corridor 15212 Attic 0.4131
Elders L 0.7727 = Elders B 0.7727 > Living Room 0.6637 > .
Cc4 Kitchen 0.6471 > Bedroom 0.5177 Corridor 1.1254 Bedroom 0.5177
Elders L 0.6812 > Elders B 0.6723 > Living Room 0.5752 > .
Modern C5 Kitchen 0.4978 > Bedroom 0.4622 Corridor 0.9244 Bedroom 0.4622
C6 Elders L 0.7505 > Elders B 0.7139 > Living Room 0.6969 > Corridor 1.1257 Toilet 04181

Kitchen 0.5739 > Bedroom 0.5321

Integration value represents the degree of agglomeration or discreteness between an element and other elements
in a space system. The higher the degree of integration, the higher the accessibility, the easier it is to gather people,
and then public activities occur.

(2) Visibility graph analysis.

Analysis of visibility graph (Table 4) was conducted using the DepthmapX software.
The colors—red displaying a high integration while blue representing low integration—
already allow the disparity of visibility integration values to be seen but make detailed
conclusions difficult. All vernacular cases feature a direct link to the attic from within the
displayed floorplan represented in the visibility graph by one-sided links.

4.1.1. Spatial Configuration Changes of the Bai People’s Dwellings

As shown in Table 5, the main subsistence work activities in the courtyard have
changed and are no longer carried out. Its integration relative to the corridor has also
declined, and it is closer to the living room of the elderly in modern Bai dwellings than
to the integration of corridors in Bai people’s courtyard houses. Since there is only one
living room facing the courtyard, it is now a “b” space, which means it is no longer on the
ring and its social function is reduced. Nonetheless, it remains a space that connects the
vernacular dwelling itself and the outside.
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Table 4. Visibility graph analysis.

Traditional Type Cc1 C2 C3
A

Upper floor

»

. Edl

Main floor _‘
Modern Type C4 C5 Ce
Upper floor

Ground floor

A (Attic), B (Bedroom), C (Corridor), CY (Courtyard), Dr (Dinning room), E- (Elders-) K (Kitchen), L (Living
Room), Visual Integration: high NN low.

Moreover, the younger generations’ living room is not on a ring anymore and therefore
changed from a ‘d’ to a ‘b’ space. While in the vernacular Bai dwellings, it was a unit almost
identical to the elders living room-bedroom units—regarding its connection to the corridor
and courtyard, and location between two bedrooms—it is now a thoroughfare connected
to the upper floor bedrooms. These living rooms also have fewer activities happening in
them as religion and hosting are less important or not present. Nevertheless, due to its
size, brightness, furniture, secluded nature, as well as the decreasing importance of the
courtyard, the upstairs living room appears to assume the role of the main living room—or
at least that of the main room for indoor leisure activities while the elders’ living room still
profits from the adjacency to the courtyard. The absence of religious activities in the upper
floor living room and the attic make the elders’ living room on the ground floor the only
space where these activities or elements of religion can still be found.

4.1.2. Spatial Configuration Continuities of the Bai People’s Dwellings

As the space syntax analysis results are shown in Table 6, in both traditional vernacular
dwellings and modern dwellings, the main spaces for social activities on the ground floor
are the elders’ living room, the corridor, and the courtyard.

The elders’ living room on the ground floor, although not as clearly delimited in terms
of function—elders at times also reside in the upper floor—maintains its function as a
highly integrated ‘c” or ‘d” space for family, hosting, and religious activities. As it is the
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only living room facing the courtyard, its role in outdoor living increased and is often used
by the whole family when spending time in the open courtyard.

Table 5. Changes in the spaces used for main social activities.

Vernacular Dwellings

Traditional Type Modern Type

Visibility Graphs

- o |
" se| st j ‘ A T] : Sr
— ¢ oL C CY

IS
3 -l i Gr
' F- | | e .
. 18 c/ . A A
o I 5 b Ba | K

- . Fl1
i

L e o
-

F1 F2
IV:
IV:
A CY = 0.8644
E-L = 0.6812
E-L=1.2229 E- B(Gr) = 0.6723
J-Graphs and E- B =1.1340 L0575
Integration Value (IV) L =1.0059 K_— 0. 4978
B =0.990 .
B = 0.4622
CY = 2.1507
PR C =0.9244
=0. B = 0.4622

Scenario of indoor
space

Contemporary younger C porary elders' Contemporary elders'living

Traditional elders' living room Traditional elders' living room(2) generations' living room living room room(2)

A (Attic), B (Bedroom), C (Corridor), CY (Courtyard), E- (Elders-) K (Kitchen), L (Living Room), Visual Integration:

high I 10w, a (spaces being dead ends), b (spaces being thoroughfares), ¢ (spaces being located on a ring), d
(spaces being located on two or more rings).

The corridor on the ground floor continues to be the space with the highest integration
in the dwelling. In traditional Bai people’s vernacular dwellings, the function of the corridor
is underlined by its dimensions, which are based on the ability to arrange a banquet [72].
It is used for work, hosting, and family activities, and as a space that is partly outdoor
and partly indoor, it serves as multipurpose buffer zones that allow the accommodation
of different functions according to changing weather or time. In modern Bai people’s
dwellings, although the corridor is often not connected to a second corridor, as was the case
in the traditional vernacular dwellings. It still provides space for important social activities
such as family and hosting as well as work activities, although to a lesser extend related to
livelihood and more to housework.

The courtyard maintains critical social functions and remains a highly integrated
space, even though it is often framed by only a single two-story wing and small single-story
rooms or sheds.

4.2. Evolution of Vernacular Dwellings’ Space Adaptation to Natural Environment

This section selects Bai people’s traditional vernacular dwellings C1 and modern
dwellings C5 for an Ecotect simulation and conducts a comparative study of sun-light and
daylighting, respectively.

In terms of sunlight, as shown in Table 7, the simulations were performed at 10:00,
12:00, 14:00, and 17:00 on 21 March (Vernal Equinox) and 21 December (Winter Solstice).
It can be seen that the relations between the shadow of vernacular dwellings and the
courtyard, whether the traditional type or modern type, show a certain pattern, that is, at
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10:00 in the morning, the shadow boundary of the wing room facing the main house is
located near the central axis of the courtyard; at 12:00 noon, there is almost no shadow in
the courtyard; and at 5:00 p.m., the square shadow boundary is located near the central
axis of the courtyard.

Table 6. Continuities in spaces for the main social activities.

Vernacular Dwellings

Traditional Type Modern Type

Visibility Graphs

J-Graphs and
Integration Value (IV)

1Vv:
1V:

CY =0.8644
C =1.5306

E-L =0.6812
E- L =1.2229

E- B(Gr) =0.6723
E-B=1.1340

L =0.5752
L =1.0059

K =0.4978
B =0.990

B =0.4622
CY =2.1507
A = 05197 C=0.9244

B =0.4622

Scenario of indoor
space

a7 i ESEN
Living room, corridor, Banquet on Children on
courtyard hosting corridor and courtyard the corridor Living room, corridor hosting Courtyard hosting

A (Attic), B (Bedroom), C (Corridor), CY (Courtyard), E- (Elders-) K (Kitchen), L (Living Room), Visual Integration:

high N 0w, a (spaces being dead ends), b (spaces being thoroughfares), c (spaces being located on a ring),
d (spaces being located on two or more rings).

In terms of daylighting, since the sun’s altitude angle is the lowest on the winter
solstice, this date was selected for simulation (21 December). On the whole, the area with
the best illuminance for the Bai people’s vernacular dwellings is in the courtyard, followed
by the corridor, and then the living room on the first floor. Simultaneously, regardless of
the traditional or modern type, the illuminance of the first floor (including the corridor) is
better than that of the second floor. Furthermore, compared with traditional dwellings, the
illumination of modern dwellings on both the first and second floors is higher than that of
traditional dwellings, especially for the second-floor space. The average illumination of the
second floor of traditional Dwellings C1 is 87.45 lux, while that of the modern dwelling’s
second floor is 190.48 lux. Therefore, the lighting of the second floor of modern dwellings
is far better than that of traditional dwellings.
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Table 7. Vernacular dwelling’s sunlight shadow and light level analysis.

Vernacular Dwellings Traditional Type (C1) Modern Type (C5)
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4.2.1. Changes of the Vernacular Dwellings” Adaptation to Natural Environment Results
(1) Natural lighting on the second floor

According to Ecotect simulation results, the indoor illumination on the second floor of
modern Bai dwellings (190.48 lux) is far better than that of traditional dwellings (87.45 lux),
mainly due to the increase in the number and area of windows in modern dwellings’
second floor. The external walls of traditional Bai dwellings are generally not windowed or
small-windowed. The main reasons are as follows: first, the Dali area is characterized by
strong winds and a rainy climate, so there are generally no windows on the outer walls of
buildings, and the eaves of buildings are far-reaching; Second, the traditional Bai peoples’
vernacular dwellings are mostly civil or brick and wood structures. In order to meet the
needs of thermal insulation in winter and summer, the envelope structure of the dwellings
is often very thick, and the wall thickness is generally 600 mm, which limits the natural
lighting conditions of the traditional Bai dwellings.

In modern bai local-style dwelling houses, reinforced concrete has replaced traditional
building materials such as wood, stone, and the frame structure makes a window of
the building no longer limited to the structure. Therefore, the contemporary bai local-
style dwelling houses around retaining structure are open the window, some residential
compound on one side of the enclosure structure in addition to the first floor, the second
floor above the eaves gallery space is closed for the gallery or replaced by a living function,
therefore, In order to better daylighting, the enclosure structure of eaves corridor space is
almost composed of large areas of glass or Windows, and there are few solid walls.

4.2.2. Continuities in the Vernacular Dwellings” Adaptation to Natural
Environment Results

(1) Baipeople’s dwelling’s orientation continues to sit west to east

The Gusheng Village is located on the west side of Erhai Lake and to the northeast
of Cangshan mountain. From the azimuth point of view, the Cangshan mountain has a
northerly to southerly location, as shown in Figure 5. Therefore, unlike traditional Han
people’s dwellings, which are located to the south and north, the Bai people’s dwellings
in Gusheng Village follow the mountain trend to the southeast or 20 degrees northwest.
Simultaneously, the layout pattern with the back of Cangshan mountain facing Erhai lake
is conducive to obtaining more light conditions.

Figure 5. Dali topographic map.

Moreover, according to previous studies, the prevailing wind direction in Dali City
is a west wind and Gusheng village is affected by the wind all year round. Moreover, the
wind speed here is greater in winter and spring, up to 10 levels [73]. Therefore, the site
selection model with the back of Cangshan mountain can reduce the wind force with the
help of the mountain while also avoiding the direct wind blowing into the house.
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(2) The main spatial average illuminance order

The simulation results show that the lighting in the courtyard and eaves corridor
is better than that of the interior in both modern and traditional Bai dwellings. The
average illumination order of different main spaces remain unchanged, roughly as follows:
Courtyard > Corridor > Elders-Living room > (Young generations) Living room > Elders-
Bedroom > (Young generations) Bedroom.

This corresponds to the comfort brought by the space light environment. Courtyards,
eaves corridors, and the elders’ living rooms are mainly for social activities and need
sufficient lighting, while bedrooms are for sleeping and resting and need relatively low
lighting. Therefore, both traditional and modern Bai dwellings fully reflect the full use
of natural light in their functional layout, which contains the idea of energy conservation
and sustainability.

(3) The scale-proportion relationship between buildings and courtyard

As the simulation results of sunshine and shadow are shown in Table 7, whether the
traditional type or modern type, the relations between the shadow of vernacular dwellings
and the courtyard show a certain pattern.

Firstly, they reflect the continuity of the scaling relation between the architectural
height and courtyard scale. The traditional Bai nationality courtyard dwellings take “Fang”
as the basic units, with the height of two floors, the cornice to the ground is about 5 m, the
first floor is about 2.7 m, the second floor is about 2.3 m, and the roof slope is usually 30°.
Therefore, the height of the building roof ridge is about 6.5 m, the depth is about 7.6 m, and
the bottom floor is with the front cornice porch (usually about 2 m). Therefore, the ratio
between the height of traditional Bai vernacular dwellings and the width of courtyards is
about 1:1.2 [74], as shown in Figure 6.

N

D:H=12:1

Figure 6. Yard scaleanalysis of the Bai People’s Traditional Courtyard Houses.

Secondly, based on the relevant literature and fieldwork, the courtyard plays a signifi-
cant role in Bai people’s courtyard dwellings. In harvest season, Bai people thrash and dry
grain in the spacious courtyard, hang corn, and pile up bundles of rice in the eaves corridor,
and the courtyard becomes a place for the collective production and labor of the whole
family [72]. Bai people could roughly judge the time according to the architectural shadow
outline in the Courtyard. For instance, at 12:00 in the noon, there is almost no shadow in
the courtyard, at 5:00 p.m., the square shadow boundary is located near the central axis of
the courtyard, at these moments, by observing the position of shadow in the courtyard, the
Bai people could tell when to cook lunch or dinner.

5. Discussion
5.1. Space Evolution and Socio-Culture Connotation Continuity
5.1.1. Social Structure

The main hall in Bai dwellings is the most integrated function room and as such
further underlines the importance accorded to the elders and reflects the hierarchy and
rites embedded in the layout, as Confucian Tablets or scrolls decorating the interior in the
Bai people’s dwellings stress respect towards elders which is commonly prevalent in Han
culture [72]. This is a result of the long history of contact with Han culture and the fact that
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by the late Qing dynasty, many Bai communities had successfully undergone a process of
assimilation into a broader Chinese identity [75]. The spatial structure shows that while the
nuclear family as a social unit does exist in China—in Yunnan maybe more strongly than
in northern China’s larger families [76]—it is subordinate to the extended family with the
grandfather as the head of the family. Therefore, the information crystallized in the Spatial
configuration is directly related to the sociocultural mechanisms regarding the separation
of generations and the hierarchy in the household. The strong hierarchy can also be seen in
the symmetrical typology of the courtyard house [10], with one-room deep building units
which facilitate a stronger visual level of control.

In modern Bai people’s dwellings, as many young people head to the cities, traditional
family structures are affected. Even where the spaces and family structure would permit
the traditional distribution of inhabitants in the dwelling, spaces are often used differently.
For example, in the case of C5, the rooms adjacent to the ground floor living room were
used merely as guest rooms, while the inhabitants all slept upstairs (Table 5). Coinciding
with a softening of Chinese family hierarchies on a generational axis—although filial piety
remains a core cultural value—[77], the spatial separation also blurs, more in terms of usage
than in terms of spatial structure, which is still highly reminiscent of the vernacular one.
The upper floor living room, now much brighter and larger than it was, takes a different role
than traditional dwellings. As elders sometimes also stay in the upper floor bedrooms, the
family grows closer on a hierarchy as well as in their access to different spaces. The living
rooms, which before indicated the different social units in the dwelling, have now become
rooms for the whole family with varying purposes. One oriented inwards, with comfortable
sofas, large TVs, and Mahjong-tables, the other-oriented outwards with the traditional
furniture and religious elements. This outwards-inwards duality can be interpreted not
only in spatial terms but also in social, as the ground floor living room is the one most
accessible to outsiders, while the upper floor living room is used mostly by the inhabitants
of the dwelling.

5.1.2. Family Activities

According to the spatial configuration changes between Bai people’s traditional ver-
nacular dwellings and modern Bai people’s dwellings (Tables 5 and 6), we can identify two
main types of family activities: indoor family activities and family activities in relation to
the outside world.

(1) Indoor family activities:

The evolution of Bai people’s indoor family activities was mainly deduced from
the decreased integration of the younger generation’s living room in modern Bai people’s
dwellings (Table 5). Specifically, the younger generations’ living room of modern vernacular
dwellings have lower integration than the traditional type, while the elder’s living room
maintains its function as a highly integrated ‘c’ or ‘d” space for the family; this result was in
relation to Bai people’s living form evolution, nowadays, Bai peoples’ upper floor living
rooms appears to assume the role of the main living room—or at least that of the main
room for indoor leisure activities have less social activities happening in them, such as
religion and hosting [78], which makes the elders living room on the ground floor the only
space in which these elements of religion can still be found.

(2) Family activities in relation to the outside world:

The corridor and courtyard on the ground floor continue to be the space with the
highest integration in the dwelling (Table 6). They form a gray space that transitions
between the inner space of the Bai people’s dwellings and the outside world. Thus, several
activities occur in these semi-open and open spaces. In the literature referred to as an
“outdoor parlor” [79], the aspect of outdoor living is underlined by the many family activity
types for the courtyard and corridor, for instance, arranging a banquet, work, hosting [30].
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5.2. Space Evolution and Adaptation to Natural Environment

Vernacular dwellings’ forms have evolved to adapt to the natural environment, thus
meeting with human’s constant pursuit of a better living amenity [18]. Sunlight and
ventilation compromise the important evaluation standards on living amenities.

(1) In terms of indoor lighting environment, the illuminance of the upper floor space
(Table 7) increases in modern Bai people’s dwellings. Specifically, the indoor illumina-
tion of modern Bai dwellings” upper floor is 190.48 lux, which is far better than that
of traditional dwellings (87.45 lux) for increasing number and area of windows [28]
with the improvement of construction technologies [80]. As indoor daylighting is one
of the important evaluation standards on living amenities [81], which has a funda-
mental impact on human physiology and health, and can directly boost cognitive
performance [82], thus, we could deduce that the increased daylighting brought about
by the improvement of construction technologies is one of the causes of the changes
in the living form of the younger generation of Bai people who moved from the first
floor to the upper floor.

(2) Foroutdoor sunlight, whether in traditional vernacular dwellings or modern dwellings,
the illuminance level of the courtyard and eaves corridor is better than that of other
spaces. Simultaneously, the relations between the shadow of vernacular dwellings
and the courtyard shew a certain pattern, which reflected the continuity of the scaling
relation between the architectural height and courtyard scale. The function of the
courtyard and corridor is adapted to its sufficient light and continuous scale. Specifi-
cally, although the transition from work in the primary industries, such as farm work
or fishing, to working in the secondary and tertiary sector [83] had an impact on the
usage of space in the dwellings, with sufficient light and pleasant scale, the courtyard
space is still the most important space for public activities. In traditional vernacular
dwellings, the courtyard was a place for collective production and labor of the whole
family, as in the vernacular dwellings, remnants of agricultural life can be found
(Figure 7a). In modern Bai dwellings, the courtyard has become a place for leisure,
tea tasting, or reception of tourists, and more focus on the aesthetics and comfort
of the courtyard (Figure 7b). Moreover, the corridor’s function is underlined by its
dimensions, which are based on the ability to arrange a banquet. It is used for work,
hosting, and family activities, and as a space that is partly outdoor and partly indoor,
it serves as multipurpose buffer zones that allow the accommodation of different
functions according to changing weather or time.

‘ﬁd .
y 4B
)

(b
Figure 7. (a) Farmtools in the vernacular courtyard; (b) Sitting corner in the modern courtyard.

(3) For a dwelling’s ventilation, the Bai people’s dwelling’s orientation continues to sit
west to east, which is to the back of Cangshan mountain to reduce the wind force and
avoid the direct wind blowing into the house with the help of the mountain.
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6. Conclusions

Socio-cultural connotation continuity and the adaptation to natural environment

compromise two significant dimensions for the sustainable approaches to vernacular
dwelling spaces. In comparing space configuration and adaptation to natural environment
of Bai people’s traditional vernacular dwellings and modern dwellings, several important
findings were made, extending existing knowledge found in the literature and providing a
more complete understanding of the sustainable approach to vernacular dwelling spaces.

@

@)

®)

4)

For socio-cultural connotations, ongoing social hierarchical structures and the outwards—
inwards duality of family activities are the most prominent features. The study proves
that there is a strong correlation between the spatial characteristics of rooms for
the elders and their role in the social hierarchical structure. Bai culture strongly
emphasizes respect for the elder generations, which coincides with high integration
values of the rooms associated with the elderly. Moreover, it was found that there
were two types of family activities: indoor family activities happening in living rooms
and family activities in relation to the outside world occurred in the courtyard and
corridors. Furthermore, different from the traditional vernacular dwellings, the newly
evolved upstairs living rooms were the main space for indoor leisure activities, while
the elders’ living room on the ground floor was the only space where elements of
religion could still be found.

In terms of adaptation to natural environment, the enhanced upper floor indoor
lighting, and the ongoing courtyard scale as well as dwelling’s orientation, revealed
that the Bai people’s vernacular dwelling spaces maintained its adaptability to the
natural environment while acclimatizes itself to modern life, and further to improve
the comfort of Bai people’s life. Both the traditional Bai people’s vernacular dwellings
and the modern Bai people’s dwellings keep east-west orientation according to the
mountain topography and natural wind direction to avoid the direct wind blowing
into the house. The continuation of the courtyard scale allows the Bai people to make
full use of the natural daylight in the courtyard for outdoor activities. Furthermore,
with the advancement of construction techniques, the upper floor windows’ area of
modern Bai people’s dwellings have increased, improving the comfort of the light
environment of the second-story space and providing a lighting environment for the
improvement of the utilization rate of the second-story space.

Combining socio-cultural connotation with adaptation to natural environment anal-
ysis proved crucial for understanding the sustainable development mode of Bai
people’s vernacular dwellings. While the social-culture connotation revealed the con-
tinuity of Bai people’s ongoing social hierarchy structure and outwards-inwards dual-
ity of family activities, adaptation to natural environment emphasized the harmony
between people and the environment as well as acclimatizes vernacular dwellings to
modern life. Then it reveals that the sustainable development of vernacular dwellings
not only contains the socio-cultural continuity but also includes its adaptability to the
present and future life.

Moreover, while the previous study proposed that the modernization and adaptation
to natural environment upgrading of old vernacular may hardly be compatible with
preserving traditional vernacular dwellings’ features, the multi-evidence base analysis
of Bai people’s dwellings revealed the balance between traditional social-culture
inheritance and the improvement of natural environment adaptability in the process
of sustainable development of vernacular dwellings. As the carrier of residents’
daily life, space is an important aspect for the continuation of traditional features of
vernacular dwellings. The modernization and environmental adaptation upgrading
of old vernaculars should be coordinated with the spatial configuration of vernacular
dwellings. First, in terms of continuity, on the one hand, Bai people’s vernacular
dwellings retain courtyard and corridor space -the most light-filled space and the
most integrated space as a place for family activities; On the other hand, the orientation
of modern and traditional Bai dwellings remains unchanged, which is in line with
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the trend of Cangshan mountain in Dali and the natural environment with strong
winds. Second, in terms of adaptation upgrading, the increase in lighting on the
second floor improved the living comfort of the upper floor, which is coupled with
the improvement of the living room’s integration. Specifically, the originally attic
space evolved into a space with compound functions such as living room, bedrooms
for the younger generation’s daily life, with remaining the ground floor living room.
Thus, the adaptation upgrading of the Bai people’s upper living room is in line with
the spatial structure evolution of vernacular dwellings.

(5) This study deployed the multi-evidence base method for a better understanding of the
sustainable approach of vernacular dwellings and vernacular dwellings’ socio-spatial
characteristics as well as their environmental adaptation. The findings provide a
rational basis for preserving vernacular dwellings beyond the often solely considered
architectural form and decoration in terms of their spatial structure, the connotations
it carries, and the environmental adaptation. It furthermore serves to illustrate the
cultural and spatial heritage these vernacular dwellings passed on and to what extent
they can be found in contemporary houses. Comparing the past and the present
enables us to reevaluate the aspect we consciously strive to preserve and pass on to
future generations.

(6) The sustainable approach to vernacular dwelling spaces re-confirms the characteristics
of vernacular dwellings: it is passed down from generation to generation in a specific
area, adapted to the local context, environment, resources, and climate, and it is
constantly iterated, with retention and inheritance, and sustainable development.
As a result, it could guide the sustainable development of vernacular dwellings and
direct the design and construction.

This study has several theoretical and practical implications. From theoretical aspects,
the previous study proposed that the modernization and adaptation to natural environment
upgrading of old vernacular may hardly be compatible with preserving traditional vernac-
ular dwellings’ features [28]. Nevertheless, these studies mainly focused on analyzing the
vernacular’s physical form, which may fail to bridge the gap between materialized form
analysis and living form realized in space. In comparing space configuration and adapta-
tion to natural environment of Bai people’s traditional vernacular dwellings and modern
dwellings, the current research revealed the balance between traditional social-culture
inheritance and the improvement of natural environment adaptability in the process of sus-
tainability of vernacular dwellings, that is, while the social-culture connotation revealed the
continuity of Bai people’s ongoing social hierarchy structure and outwards-inwards duality
of family activities, adaptation to natural environment emphasized the harmony between
people and the environment as well as acclimatizes vernacular dwellings to modern life.

Moreover, although several studies have discussed the development and trends
scribed to vernacular architecture from the perspective of multi-dimensional conceptual
interpretation based on literature review at the macro level [35,36,40], barely studies con-
ducted the multi-dimensional quantitative analysis of the characteristics of vernacular
dwellings’ space, culture, and natural environment at the micro level. Moreover, the
“multi evidence base” method deployed in this research provides a new path for multi-
dimensional quantitative analysis of vernacular dwellings at the micro level by integrating
space syntax and building physical environment simulation.

From practical aspects, this study proposed that the cultural sustainability of vernacu-
lar dwellings is not only reflected in the continuity of the material form of the dwellings.
The case study of Bai people’s vernacular dwellings revealed that while upgrading the en-
vironmental adaptation, the Bai people’s social hierarchy structure and outwards-inwards
duality of family activities maintain continuity, which helps appreciate traditional building
practices and design for a sustainable future.

Nevertheless, there are some limitations in our research. First, this research adopted
quantitative simulation of the lighting environment and qualitative analysis of ventilation
environment to study the environmental adaptation of vernacular dwellings, yet the
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thermal environment is also a significant physical factor affecting the living quality of
vernacular dwellings, thus it could be considered in future research. Second, this research
mainly studies the sustainable development mode of vernacular dwellings from the social-
culture and environmental adaptation dimensions. While the economic dimension is
also an essential pillar of sustainable development, thus research on the relationship
between economic factors and the evolution of vernacular dwellings could be explored
in future studies. Moreover, this research adopted a “multiple evidence base” method to
bring together socio-cultural connotation and adaptation to the natural environment of
vernacular dwellings” space. However, this study only discusses a mode of sustainable
development of vernacular dwellings’ space based on the case study of Bai people’s
courtyard houses, as for the multi-objective optimal model of traditional socio-cultural
continuity and environmental adaptation, need to be further addressed in future studies.
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